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D e a r  Ed: 

W e  are writ ing t o  enlarge our previous discussions about cloning in tegra t ion  s i tes  
f o r  t h e  DNA of avian sarcoma viruses. 
and p o l i t i c a l  merits of the  various options. 

We would l i k e  your opinion on the  s c i e n t i f i c  

It would be eas i e s t  t o  begin with DNA from mammalian c e l l s  cloned a f t e r  i n fec t ion  
with ASV. Mammalian c e l l s  are much eas ie r  t o  growthan avian c e l l s  (chicken c e l l s  
transformed with ASV are  dkff icul t  t o  clone and are not immortal i n  cu l tu re ) ;  they 
have the additional advantage of being non-permissive f o r  viral rep l ica t ion ,  although 
most or  a l l  of the  v i r a l  genes are expressed at a low level.  W e  have a series of 
r a t  c e l l  (NRK) clones infected with and transformed by the  Schmidt Ruppin D s t r a i n  
of ASV. Several of theseclones contain a s ingle  copy of integrated DNA and we have 
iden t i f i ed  r e s t r i c t i o n  fragments which contain v i r a l  DNA l inked t o  c e l l  DNA. 
RNA genome of the  virus  i s  diagrarhabicglly represented below: 
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It i s  roughly 10,000 bases long and contains a t  least (and probably not much more 
than) four  genes. 
several  core components. 
envelope glycoprotein gene, and - src i s  a gene, dispensable f o r  v i r a l  rep l ica t ion ,  
which causes the  transformation of f ibroblasts  i n  cul ture  and t h e  formation of 
sarcomas i n  vivo. 

Gag is  t h e  gene coding f o r  a polyprotein which i s  processed i n t o  
pol i s  the  reverse t ranscr ip tase  gene. = i s  the  m a o r  

The numbers r e fe r  t o  the  MW of fragments x 
t h i s  discussion a re  very close t o  t h e  ends of the  DNA copy of the viral genome. 
have used these s i t e s  t o  demonstrate t ha t  even i n  the non-permissive c e l l s  viral 
DMA usual ly  tntegrates ,  probably 
co-l inear ,or  very nearly co-linear, w i t h  t he  RNA genome. The " 5 ' "  R I  s i te  i s  ~ 2 0 0 b p  
from the  "end" of t h e  provirus and t h e  "3'" R I  s i t e  i s  about 60bp from t he  end which 

The two E x R I  s i t e s  relevant t o  
W e  

a c i rcu lar  intermediate, SO t h a t  the gene i s  
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corresponds t o  t h e  3' end of t he  RNA. W e  are  par t icu lar ly  in t e re s t ed  i n  the  
ce l lu l a r  sequences which are  adjLcent t o  t h e  "5'" end of t he  provirus because t h e  
t ranscr ip t iona l  control elements are l ike ly  t o  be located a t  t h a t  end of t he  genome. 

We could propose . to clone e i the r  t h e  Eco R I  o r  t h e  BAM HI 
the  "5'" portion of the  provirus linked t o  ce i lu l a r  DNA. 
clone the BAM fragment for  two reasons. It i s  eas i e r  t o  detect  t h i s  fragment 
by hybridization since it has a la rger  region of homology with our standard re- 
agents. (ii) More importantly, there  are interest ing sequences which l i e  between 
the  R I  and BAM s i t e s .  We have found,by hybridization with reagents spec i f ic  f o r  
the  terminal sequences, considerable homology between t h e  "internal" region of 
the v i r a l  DNA and sequences from $he 3' and 5' ends Of t he  viral genomec 
We are therefore  very in te res ted  i n  t h i s  segment. This region is  l i k e l y  t o  be 
important i n  the  processing of mRNAs (as you may know by now, 100-500 bases from 
the  5' terminus are transposed or spliced onto t h e  5' ends of t he  subgenomic messages 
which code f o r  g~ and E). 
a m a p p d  smjlnB terminus of the  
RI fragment than be refused permission t o  clone the  EM1 fragment. 
it i s  safer t o  clone t h e  R I  fragment (%200bp of viral information) than t h e  BAMpieCe 
(~600bp of viral information). 
we would l i k e  t o  clone t h e  "5 '"  fragments from at least three  independent clones t o  
obtain adequate comparative data. 
which have a non-defective provirus integrated i n  different  si tes on the  host  genome. 
We can eas i ly  prepare i n  excess of 10 mg of DNA from each of t h e  clones and can 
obtain su f f i c i en t  enzyme t o  cleave t h i s  amount of material. We should be able t o  
enrich the  appropriate segment(s) of DNA by sequential enzymatic digestions i n t e r -  
spersed with physical fractionations.  
followed by a s i z e  separation using t h e  "gene machine". The appropriate fragment 
can be located by a s m a l l  scale DNA t r ans fe r  experiment on t h e  f rac t ions  from t h e  
gene machine. 
probes. The DNA could be fur ther  purif ied,  i f  necessary, using an RPC-5 column. 
The DNA could then be digested with e i the r  BAM or  R I  and a a in  f ract ionated by s i ze .  

relevant fragment . 

fragments containing 
We would much r a the r  

(i) 

I n  addition, t h i s  region might also contain t h e  as yet 
gene. We would however prefer  t o  clone t h e  Eco 

On could argue t h a t  

W e  now have mapping data on more than 10 clones 

We would propose t o  begin with a KPN digest ion 

W e  can distinguish the "3'" and " 5 ' "  ends of t h e  provirus with spec i f i c  

This should give us a preparation which i s  at least 103-10 e; -fold enriched f o r  t h e  

Fragments prepared by this protocol should be completely f ree  of the v i r a l  E gene 
which i s  located i n  fragments of different  s i ze ,  derived frm the  other  end of t h e  
provirus. This can be d i rec t ly  t e s t ed  with cDNA spec i f ic  f o r  - s rc .  

If you forsee p o l i t i c a l  problems caused by using DNA from a c e l l  infected with a 
transforming ( s r c  - +) virus, we could probably obtain an appropriate set of non- 
transformed clones infected with a deletion mutant of ASV which lacks most of s r c .  
The advantage of the  transformed clones i s  tha t  we already have a great  deal  of 
information about t he  maps of integrated provirus i n  these l i nes .  If you think we 
should propose t o  use clones infected w i t h  a transfornation-defective delet ion 
mutant, it would be at l e a s t  several  months before we could have the  DNA from t h e  
appropriate clones suf f ic ien t ly  well mapped t o  make specif ic  proposals. W e  do not 
see any r e a l  advantage t o  the  use of mutant-infected c e l l s ,  since a l l  ver tebrate  
c e l l s  c lear ly  contain multiple sequences re la ted  t o  various v i r a l  transforming genes. 
The ASV - s r c  gene can be readi ly  measured and therefore excluded, whereas t h e  other  
endogenous sequences have probably been unwittingly cloned many times already. (Need- 
l e s s  t o  say, we do not believe such manipulations pose any th rea t  t o  the body p o l i t i c  
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Since we can choose t o  work with infected c e l l s  
t h a t  a re  r e l a t ive ly  large it should be possible 

which y ie ld  " 5 ' "  BAM or R I  fragments 
t o  use one of the A packaging systems. 

The A system would be eas ie r  t o  use w i t h  R I  than BAM. 
pBR322 x 1776 and the  yet t o  be unveiled Brenner s t r a i n .  

The obvious a l te rna t ives  are 

Please l e t  us know what you think about our pcoposals from both a s c i e n t i f i c  and 
a p o l i t i c a l  point of view. We are looking forward t o  hearing from you. 

Best regards , 

Harold E. V a r m u s ,  M.D. 
Associate Prof e s sor 
Department of Microbiology 

Stephen Hughes, Ph.D. 
Postdoctoral Fellow 
Department of M i  c rob i o  logy 

HEV/es 


